Background--The effect of second-hand smoking, especially husband smoking, on wife's hypertension has not been well studied. The current study was aimed to assess the association of husband smoking with wife's hypertension among females aged 20 to 49 years.
A s the leading risk factor for global burden of disease and global mortality, the prevalence of high blood pressure (BP) has been expected to increase over the next decade worldwide. 1, 2 In 2010, the prevalence of hypertension was about 26.7% among the Chinese population aged 20 years and older, and that in women has reached 24.5%. 3 Although 31% to 68% of BP variation in the population may be genetically determined, 4 the small aggregate effect of identified genetic loci has limited its applicability to hypertension prevention. 5 Therefore, environmental factors, also important in causing high BP, are critical in the management, prevention, and control of hypertension. Nonpharmacological management of hypertension, including smoking cessation, weight reduction, and a healthy dietary pattern with low sodium, low fat, and high fresh fruit and vegetable intake and physical activities, have been recommended in the most recent hypertension guidelines from the United States, the United Kingdom, Europe, and China. [6] [7] [8] [9] Tobacco smoking is one of the leading risk factors for disease burden in China and worldwide. 10 Globally, 35% of women nonsmokers were exposed to second-hand smoke, and 47% of deaths from second-hand smoke occurred in women in 2004. 11 In China, an estimate of only 2.4% adult women were smokers and over 740 million nonsmokers were exposed to second-hand smoke, 12, 13 which means passive smoking is a more serious public health problem than active smoking in women in countries where the prevalence of women smoking is low. Studies of health consequences of passive smoking in China, a country where the prevalence of tobacco use in men is one of the highest in the world, 13 have critical implications.
Active and passive smoking has been established as a risk factor for all causes of mortality and several chronic diseases, including coronary heart disease and stroke, [14] [15] [16] and active smoking is identified as a risk factor for hypertension by abundant evidence. 17 However, whether exposure to secondhand smoking, especially husband smoking, increases the risk of hypertension of females remains unclear. Several studies have investigated the effect of passive smoking on hypertension, but their generalities were limited by small sample size or restriction of only rural participants. [18] [19] [20] It is noteworthy that women in China are exposed to tobacco smoke more frequently at home than at workplaces. 13 Therefore, evidence on the association of husband smoking with wife's hypertension will be helpful for hypertension prevention in Chinese women.
The current study aimed to assess the association between husband smoking and wife's hypertension among over 5 million couples in a cross-sectional study based on the National Free Pre-pregnancy Checkups Project (NFPCP) in 2014.
Methods Participants
The NFPCP is a national health service for reproductive-aged couples who plan to conceive in 6 months. Since 2010, the NFPCP has been supported by the National Health and Family Planning Commission and the Ministry of Finance of the People's Republic of China. Detailed design, organization, and implementation of this project are described elsewhere. 21 The NFPCP started with serving only rural married couples between 2010 and 2012 and after 2013, the services were extended to both rural and urban married couples. Women aged 20 to 49 years old were eligible for this service, and no age limitation was set for men. In 2014, the NFPCP has served couples from 2907 counties/districts across 31 provinces in Mainland China. Through health education and advocacy by residents' committee, eligible couples were encouraged to participate in the NFPCP services together in local family planning service agencies or maternal and child care service centers. The current study was based on the health examination data of the NFPCP from January 1 to December 31, 2014. A total of 5 537 307 eligible couples participated in the NFPCP in 2014. We then further excluded participants with missing information on BP or smoking status, as well as those with heart disease, chronic kidney disease, diabetes mellitus, or thyroid diseases. Finally, 5 027 731 couples were included in the current analysis. Detailed information on the study population recruitment is shown in Figure 1 .
Data Collection
A face-to-face interview and medical examination were conducted by trained healthcare staff. Demographic characteristics and lifestyle information were collected by questionnaires for husband and wife, separately. "Did you smoke?" and "Are you exposed to passive smoking?" were asked to identify active and passive smoking status of husbands and wives. Furthermore, smoking amount (cigarettes per day) was collected if they replied "yes" to the first question and the duration of exposure to passive smoking (minutes per day) was also collected if they replied "often" to the second question. Other survey variables included women's alcohol consumption and hypertension history, education level, and urban/rural inhabitants according to the address of household registration; vegetable consumption and meat/egg consumption were also collected. All data were uploaded and transferred remotely and stored in the NFPCP medical service information system, which was supported by the National Research Institute for Family Planning. This study was approved by the Institutional Research Review Board at the National Health and Family Planning Commission. Informed consents were obtained from all the NFPCP participants.
Exposure and Outcome
Smoking was defined as ≥1 cigarette smoking per day for at least 1 year at the time of examination. Second-hand smoking exposure was defined as exposure to environmental tobacco smoke every day. Duration of marriage was the interval years between marriage year and the examination year, which is 2014. Body weight and height were measured with light indoor clothes without shoes and other accessories. Body mass index (BMI) was calculated as kilograms per square meters (kg/m 2 ). According to smoking status of both husband and wife, 5 027 731 couples were divided into 4 groups: (1) neither wife nor husband smoked (neither-smoker), (2) only the husband smoked (husband-only), (3) only the wife smoked (wife-only), and (4) both smoked (mixed). Based on husbands' smoking amount, we also split the couples into 6 groups (0, 1-5, 6-10, 11-15, 16-20, and ≥21 cigarettes per day). In addition, with the purpose of evaluating the cumulative effect of husband smoking on wife's hypertension, we calculated "pack-marriage year" by multiplying the number of packs of cigarettes husband smoked per day by the number of marriage duration, which is similar to "packyear." For example, 1 pack-marriage years is equal to husbands' smoking 20 cigarettes (1 pack) per day for 1 year of marriage, or 40 cigarettes (2 packs) per day for half a year of marriage. All couples were divided into 6 groups according to pack-marriage year (0, 0.1-2.0, 2.1-4.0, 4.1-6.0, 6.1-8.0, and >8.0 pack-marriage years). By following the standard protocol entitled "Guidelines for Physical Examination of the NFPCP," physicians conducted BP measurement in the right arm of the participants using an automated BP monitor, on a single occasion after participants rested for at least 10 minutes. As the main outcome of this study, hypertension status in women is determined by the combined information of self-reported hypertension history and seated BP measurement. Hypertension was defined as systolic BP/diastolic BP ≥140/90 mm Hg or self-reported hypertension history.
Statistical Analysis
Baseline characteristics were presented as mean (SD) or median (interquartile range) for continuous variables, and number (percentages) for categorical variables according to BP status, respectively. Differences of baseline characteristics between BP groups were examined using independent t tests or Wilcoxon rank sum tests for continuous variables and v 2 tests for categorical variables, respectively.
We estimated the odds ratios (ORs) and their corresponding 95% CIs of hypertension associated with smoking status of couples (neither-smoker, husband-only, wife-only, and mixed group), husband smoking amount (0, 1-5, 6-10, 11-15, 16-20, and ≥21 cigarettes per day), and the cumulative exposure to husband smoking (0, 0.1-2.0, 2.1-4.0, 4.1-6.0, 6.1-8.0, and >8.0 pack-marriage years) using an age-adjusted and multivariate-adjusted logistic regression model, respectively. A total of 5 027 731 couples were used to examine the association between couples smoking status and hypertension, and 15 753 couples from the wife-only group or mixed group were excluded from the analyses on association of husband smoking amount or cumulative exposure to husband smoking with hypertension. Furthermore, 621 776 couples with missing marriage duration were also excluded from the analysis on association of cumulative exposure to husband smoking with hypertension. Covariates in the multivariate-adjusted logistic regression model included age, high school education, urban inhabitants, BMI, and alcohol consumption. Subgroup analyses were performed according to the duration of husband smoking exposure (minutes per day), education levels, living area (urban/rural), alcohol consumption, and the BMI category, respectively. The current study incorporated a wide range of Chinese ethnicities including Han, Uygur, Zhuang, Hui, Miao, Tujia, Yi, Mongolia, Manchu, Tibetan, and others. The Chinese Han population accounted for 87.8% of the total study population. Subgroup analysis was also conducted taking the impact of sodium intake on BP into consideration. 22 Participants were classified into 3 groups according to sodium intake condition of different provinces, including provinces with less sodium intake (group 1=Sichuan, Guangdong, Jiangxi, Ningxia, Jilin, Shanghai, Inner Mongolia, Heilongjiang, and Liaoning), excessive sodium intake provinces (group 2=Jiangsu, Zhejiang, Qinghai, Hubei, Hebei, Shaanxi, Hunan, Fujian, Henan, Guangxi, and Beijing), and sodium intake unavailable provinces (group 3=Tianjin, Anhui, Shandong, Hainan, Chongqing, Guizhou, Yunnan, Tibetan, Shanxi, Gansu, and Sinkiang). We also conducted sensitivity analyses restricting the population from the same specific ethnicities, couples where wives were without known hypertension, and couples with marriage duration of ≥2 years. Additionally, sensitivity analysis was also conducted by excluding women who did not like vegetables and those who were vegetarian. We further conducted dose-response analyses on the association of husband smoking and hypertension prevalence based on the husband smoking amount and the cumulative exposure to husband smoking. By treating a categorical variable as an ordinal variable in the regression model, we tested the significance of the linear trend. The R software (version 3.2.2; https://www.r-project.org/) was used for all analyses. The Speedglm package (version 0.3-1) was used for fitting logistic regression modeling with large data sets by updating algorithms.
Results
Among 5 027 731 women aged 20 to 49 years recruited in 2014, the prevalence of hypertension is 1.88%. Among 94 550 hypertensive patients, 92 549 were defined by BP measurement, 3983 were defined by self-reported hypertension history, and 1982 were self-reported hypertensive patients with systolic BP/diastolic BP ≥140/90 mm Hg during the physical examination. The characteristics of women are presented according to their hypertension status (Table 1) . Women with hypertension were more likely to be older, urban inhabitants, and with less educational attainment, compared to the women without hypertension. They were also more likely to drink alcohol and have higher BMIs than those who were not hypertensive. Particularly, women with hypertension had longer marriage duration, larger probability of exposure to husband smoking, and longer duration of secondhand smoking exposure than those in the normotensive group.
Among 5 027 731 couples, 28.23% of them (1 419 288 couples) were classified into the husband-only group. The hypertension prevalence of women was 1.71%, 2.30%, 3.94%, and 3.55% in the neither-smoker, husband-only, wife-only, and (Table 2 ). In addition, subgroup analyses revealed that the associations between husband smoking and wife's hypertension were consistent across all subgroups (Table 3 ). It is interesting that although wives did not report second-hand smoking exposure, those in the husband-only group were still at an increased risk of hypertension, with the multivariate-adjusted OR being 1.22 (95% CI: 1.20-1.24) ( Table 3 ). The hypertension prevalence in women showed significant linear trends with husband smoking amount ( 
also obtained across all subgroup analyses according to age, duration of second-hand smoking exposure, education level, living area (urban/rural), alcohol consumption, and BMI category (Figure 2 , P for trend <0.001). In addition, increases in both duration of second-hand smoking exposure and husband smoking amount were associated with substantially increased risk of hypertension. Similar results were also observed for combined groups of duration of second-hand smoking with husband smoking amount or cumulative exposure to husband smoking, as well as of BMI categories with the aforementioned 2 indicators (Tables 4 and 5 ).
As shown in Table 2 , the risk of having hypertension in women increased with the increment of cumulative exposure, and the multivariate-adjusted ORs were 1. were not exposed to husband smoking. Subgroup analyses generated similar results and linear trends (Figure 3 ).
In the subgroup analyses restricting to specific ethnicity (including Han, Uygur, Zhuang, Hui, Miao, Tujia, Yi, Mongolia, Manchu, Tibetan, and others), hypertension among women was associated with husband smoking in both categorical and dose-response manners (Table 6 ). To enhance our findings, provincial analyzed sodium intake was also taken into consideration for subgroup analysis, and the result showed that female hypertension was significantly associated with husband smoking of different measurement in all subgroups (Table 7) .
To test the robustness of our findings, we excluded women with hypertension history, couples with marriage duration of less than 2 years, women who did not like vegetables, and those who were vegetarian, respectively, and found that the results were not substantially changed (Table 8) .
Discussion
In this large cross-sectional study incorporating over 5 million married couples in both urban and rural China, we identified that husband smoking was significantly associated with increased prevalence of hypertension among their wives, consistently in categorical, dose-response, and cumulative manners. It is noteworthy to point out that the associations persisted in the subgroup analyses by the duration of husband smoking exposure, the women's education level, alcohol consumption, and BMI categories, as well as the couples' living areas (urban/rural). The relationship between active smoking and hypertension has been clarified in men and women, 23, 24 but only a few studies explored the effect of passive smoking on hypertension. After conducting a systematic review, 13 studies were conducted to investigate the association of passive smoking with hypertension or BP. [18] [19] [20] [25] [26] [27] [28] [29] [30] [31] [32] [33] [34] Among these, 4 examined the association among infants or adolescents [27] [28] [29] 32 and 2
were conducted in pregnant women. 26, 31 Another 7 studies conducted in general adults were limited by passive smoking assessment accuracy or small sample size, and none of them assessed the influence of husband smoking on hypertension or BP of their wives. [18] [19] [20] 25, 30, 33, 34 The current study has important public health implications. Despite the fact that, in the past few years, multiple cities in China have launched smoke-free laws in public spaces, women are still exposed to an alarming amount of tobacco smoke from passive smoking in private homes. Findings from our study highlighted the demand for more restrictions on smoking in private homes where most cigarette smoking and passive smoke exposure take place in women's daily lives. Therefore, clarifying the association between husband smoking and the hypertension of women who are planning for pregnancy is critical to provide evidence on formulating family-based smoking intervention strategies involving both husbands and wives. This type of intervention will be effective for protecting wives from environmental tobacco smoke as well as preventing and reducing hazardous active smoking among husbands. Antismoking public education targeting smoking husbands may also have an impact on reducing harm through changing husbands' knowledge, beliefs, and attitudes about the consequences of smoking on their wives' health. The current study was the largest study showing an increased risk of wives' hypertension with increasing exposure to husband smoking. Several studies provided inconsistent results on association of risks of having hypertension 1.00
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Husband- Journal of the American Heart Association with exposure to passive smoking, which was not limited to husband smoking. The Ohasama study found that environmental tobacco smoke exposure may increase systolic BP by 4 mm Hg for morning measurement and by 3 mm Hg for evening measurement. 19 Another study identified that second-hand smoke exposure, measured by serum cotinine levels, was associated with increased systolic BP and hypertension, independently. This study also found that the multivariable adjusted OR for hypertension was 1.44 (95% CI: 1.01, 2.04) in the group with serum cotinine levels of 0.218 ng/mL, when compared with those with serum cotinine levels ≤0.025 ng/mL. However, the significant association of passive smoking with hypertension risk was only observed at higher exposure rates other than 1 to 3 times/week in a study conducted in 392 rural Chinese women.
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In dose-response analyses, women exposed to a larger husband-smoking amount were at a higher risk of hypertension. It is noteworthy to point out that even the passive exposure of 1 to 5 cigarettes per day would significantly increase women's hypertension risk, indicated by the multivariate-adjusted OR of 1.22 (95% CI: 1.19, 1.25). In the following analysis about the cumulative exposure, a doseresponse relationship was also identified. Exposure to husband smoking increased the risk of hypertension through several mechanisms similar to active smoking, including the stimulation of the sympathetic nervous system induced by impaired baroreflex. 17, 35 In addition, they were also found to be associated with elevated levels of inflammation markers and impaired endothelia function. 36, 37 Findings of the current study are drawn from a crosssectional study in over 5 million couples, which ensured the statistical power of overall analysis and subgroup analysis. Similar findings and dose-response relationship were also observed in the nation-specific analyses. It is interesting that although women reported no second-hand smoking exposure, those in the husband-only group were also at higher risk of having hypertension. We speculated that third-hand smoking, which accumulates in smoker's fingers, hair, clothes, and rooms and persists for a long time, 38 might also play a role in the development of women' hypertension. The present study differs from other studies, in that the information about wives' exposure to tobacco smoke was obtained by asking the husband participants directly, instead of the wives, improving the accuracy of the exposure measurement. In addition, analysis on the cumulative effect of husband smoking identified that the long-term low-dose exposure of husband smoking was also harmful. Furthermore, subgroup analyses in various ethnicities greatly improved the generalizability of the current findings to the overall population in China. However, some limitations should be kept in mind when interpreting these study results. First, information on antihypertensive treatment or hypertension duration was not collected in the current study, and BP measurement or the hypertension history was used to define hypertension status. However, those without hypertension history are less likely to take antihypertensive medication, which minimized the likelihood of misclassification bias. Second, husband-smoking exposure was self-reported rather than evaluated by an objective measurement such as serum nicotine levels. Nondifferential misclassification and bias towards null association might have occurred from using our method. In addition, we did not collect information on the brand name of cigarettes, which might influence the results. Third, women might have been exposed to second-hand smoke prior to having husbands who smoked, which was not covered in our questionnaire. However, the association of second-hand smoke with hypertension was more obvious for those with longer marriage duration. This association has minimized the influence of past exposure before marriage. Additionally, results were not substantially changed in sensitivity analysis by exclusion of couples with marriage duration of less than 2 years. Fourth, participants in the current study are couples taking prepregnancy physical examinations and they might be healthier than the general population. This difference may introduce underestimation of the risk in our study population. Fifth, former smokers and current smokers could not be split according to our questionnaire, but former smokers were more likely to be grouped into the reference group, which might also introduce underestimation of the effect. Sixth, provincial analyzed sodium intake was used to account for the potential confounding of sodium intake on association of second-hand smoking with BP, which is not as accurate as individual sodium intake. In addition, physical activity was not included in the questionnaire, which has limited our ability to address its influence on the association. Finally, a crosssectional design will introduce recall bias, and cannot draw the temporal association or causal relationship between husband smoking and wives' hypertension, thus warranting prospective studies.
To the best of our knowledge, this study is the first to assess the influence of husband smoking on prevalent hypertension in over 5 million couples. The current study has revealed significant associations between husband smoking and wives' hypertension status in both a categorical and dose-response manner. Considering the great burden of second-hand smoking and hypertension, the current study has several implications for public health. Evidence from the current study fuels the fire for more restrictions on smoke in public venues, as well as at home, and emphasizes the importance of a family-based intervention strategy in tobacco control and hypertension management.
